We derive formulas for normalized doubly coprime factorizations over H 1 , for a class of nonexponentially stabilizable systems. Using these results, we solve the problem of robust stabilization with respect to normalized coprime factor perturbations for a class of in nite-dimensional systems (A; B; B ; D), with nite-rank inputs and outputs and dissipative A; these systems are not exponentially stabilizible We give a parameterization of all controllers which achieve a given robustness margin
Introduction
The problem of robust stabilization with respect to normalized coprime factor perturbations is now a classic H 1 problem that admits an elegant solution via the solution of a Nehari problem for a normalized left-coprime factorization of the system transfer function. The most general solution was obtained by Georgiou and Smith in 15] for plants possessing a normalized left-coprime factorization. It is known that not all transfer functions possess coprime factorizations, but that stabilizability is a necessary and su cient condition for this (see Smith 21] ). The disadvantage of the latter solution is that, although very general, it does not yield explicit formulas for the robustly stabilizing controllers; These depend on explicit formulas for a normalized doubly-coprime factorization of the transfer function and with a robustness margin of at least 1= p 2.
In Section 2 we give a precise mathematical description of the class of systems we consider and we give an example of a exible beam. In Section 3, formulas for normalized doubly coprime factorizations of transfer functions in this class are derived. In Section 4 we obtain a complete solution of the robust stabilization problem, including a formula for the maximal robustness margin " max explicit formulas for all robustly stabilizing controllers achieving a robustness margin " > " max .
We conclude with a glossary of the notation. One of the properties we will exploit is the positive real property. 
and measurement y(t) = @ 2 w @t@x (1; t):
To obtain a rst-order representation, a number of spaces are needed. ; B = The system (1)-(5) can be represented by the abstract di erential equation on H, dz dt (t) = Az(t) + Bu(t) (6) y(t) = B z(t) (8) is de ned by
where G(j!) = C(j!I ? A) ?1 B and ! 2 R.
The following lemma, which is taken from Curtain and Oostveen 8], gives conditions for the existence and uniqueness of a strongly stabilizing solution to (8) .
Lemma 2.9 Consider the Riccati equation (8) 
Coprime Factorizations
In this section, we derive formulas for normalized doubly coprime factorizations over H 1 for our class of positive real systems. (11) We say that G = NM ?1 is a right-coprime factorization of G over H 1 .
Suppose that there existM( (14) holds on C + 0 , then we say that G =M ?1Ñ = NM ?1 is a doubly coprime factorization over H 1 . If (M; N) satis es conditions (10), (11) and also
we say that G = NM ?1 is a normalized right-coprime factorization. If (M;Ñ) satis es conditions (12), (13) and alsõ
we say that G =M ?1Ñ is a normalized left-coprime factorization. If (10) We have been unable to show that X, Y ,X andỸ are in H 1 due to the terms F Q (sI ? A Q ) ?1 H P and F Q (sI ? A P ) ?1 H P in formulas (19) , (20) , (23), (24).
Consequently, we cannot conclude that the factorization is coprime. (10) 
which is in L 1 (?j1; j1; L(U)) and soX y (j!) 2 L 1 (?j1; j1; L(U)). Combining with (35), we obtain thatX(s) 2 H 1 (L(U)) 4 
Parameterization of Robustly Stabilizing Controllers
The problem we consider in this section is that of robust stabilization under normalized coprime factor perturbations, for the class of systems (A; B; B ; D) under the assumptions A1-A6, with the additional assumption that U is nite-dimensional. 
This is necessary because the Nehari results in Curtain and
where HG is the Hankel operator with symbolG, de ned for f 2 H 2 (U U) by HG : H 2 (U U) ! H 2 (U); HGf = ( G f ? ); (41) where G is the multiplication map induced byG, f ? (s) := f(?s) and is the orthogonal projection from L 2 (?j1; j1; U) onto H 2 (U). The di culty in solving this particular Nehari problem is that, unlike in the case of exponential stability, the Hankel operator is not compact. In Curtain and Oostveen 7], a parameterization of all solutions to the suboptimal Nehari problem at hand (assuming nite-dimensional input and output spaces) was given. We will quote this result, but rst we need to introduce to introduce the observability and controllability gramians ofG(s). Let 
Multiplying by ?Y (j!) X(j!) , where X and Y satisfy (13), we obtain f n (j!) = ?
The left-hand side has an extension to a function in H 2 (Ũ), the rst term on the right-hand side has an extension to a function in H ? 2 (Ũ). and the second term on the right-hand side converges to 0. This contradiction implies that kHGk 6 = 1 and therefore kHGk < 1. Lemma 4. 
